INTRODUCTION
IN outbreeding grasses it is the general practice to avoid decline in vigour due to inbreeding by basing synthetic varieties on a number of unrelated plants. These are allowed to inter-pollinate and the resultant seed is multiplied through a further two or three generations. The final performance of a variety depends, therefore, on the ability of each parent plant to combine well on crossing with all the other basic plants, and on the degree to which initial vigour can be retained during the generations of seed multiplication.
The present study was undertaken to investigate the possibilities of a quick genetic survey of heterozygous breeding material by means of a diallel cross. This was initiated as a result of the expansion and generalisation of the theory of diallel crosses primarily by Jinks (t) and Hayman (i9). The study forms part of an investigation into the effects on synthetic varieties of varying the numbers of basic plants, and the relation of these effects to the genetic constitution of the parents.
In forage crops the value of a variety will depend on the behaviour of the adult plant in the ley. There are, however, other attributes of the basic plants which are of major importance in that they will either affect the constitution of the variety after a number of generations of seed multiplication or predispose the variety to establish itself in the field under competitive conditions. The first category includes effects stemming from differential abilities of the parent plants to set seed after self-pollination, and particularly after cross-pollination. The second category involves effects associated with germination and various aspects of early seedling development. This first paper is confined to a description of experimental material and to a consideration of how far the diallel cross is effective in assessing the potentialities of parents with regard to seed-setting and early seedling characteristics.
EXPERIMENTAL MATERIAL (i) Origin
The material which forms the basis of this study was derived from a specific breeding project. In i9i, eight genotypes from a wide The agronomic use of herbage plants is in part governed by their date of maturity. This character, therefore, is of great importance and is used as a means of typifying varieties; it is most easily measured as the date of emergence which for single plants is taken as the date on which the third inflorescence emerges from its sheath. Anthesis occurs some three to four weeks later.
The emergence behaviour of seven of the eight plants is demonstrated by data from the two years 1954 and 1956 (table i) . The data are expressed in days after ist April. In both years each genotype was represented by five plots, each containing five clonal individuals. The plots were randomised in a single block, so that the analysis of variance takes the form shown in table i. The residual item depends on the average variation within varieties within years and is used as a measure of basic error. Compared with this the mean squares for years, genotypes and for their interaction are all significantly large.
It will be noted that the difference between the yearly means is comparatively small and does not achieve significance when compared with the interaction of genotypes with years. Both seasons were in fact rather late, as indicated by the values for our standard early variety 5. 24, which had a mean of 42 2 in 1954 and 444 in 1956, whereas on this scale its mean values may range from approximately 20 in an early season to 50 in a late.
The mean square for genotypes, however, is significantly higher than that for the interaction of genotypes and years, so that for the most part the order of emergence was maintained from year to year. has also been observed by Cooper (1952 Cooper ( , 1959b ) over a range of years and locations. The importance of this is that the order of emergence in any one place or season is likely to be a useful index of the relative behaviour of genotypes or varieties in any other place or season, provided the climate does not range beyond the limits of winter cold requirement and day length which are necessary for floral initiation (Cooper, 1959a ). It will be observed that except for genotype B all plants are consistently and significantly earlier than the mean date for samples of S.24 so that the original objective of obtaining a nucleus of very early flowering material has been achieved. The genetic control of this character will be considered in some detail in a subsequent paper.
(iii) Self-compatibility The majority of the outbreeding grasses possess an incompatibility system and perennial rye grass is no exception. The particular system has not been determined but it is not fully efficient, since the majority of plants will set a limited amount of effective seed on selfing (Beddows, 1931; Jenkin, i93ib) .
Selfings were carried out on each of the eight genotypes during the three consecutive years 1952 to 1954. The number of selfing units, and the average results for each genotype are given in table 2.
The results are expressed in two conventional forms: heavy seed set per ioo spikelets, and heavy seed set per iooo florets (Jenkin, 193 ia) , where a seed is classified as heavy if the caryopsis is longer t1an
half the length of the lemma. The latter measurement also indicates the percentage seed-set achieved. It will be seen that although some seed was obtained from each plant the proportion was generally very low, the most self-fertile plant (B) only achieving just over per cent., whereas an overall average of 42 per cent. seed-set was obtained when the plants were cross-fertilised (table 4) . Seed setting is highly sensitive to environmental conditions and although every care was taken to obtain a fairly stable environment by carrying out all selfings in the glasshouse, the variation from selfing unit to selfing unit was still very high. Further analysis of the available data is complicated by the unequal numbers of selfing units in the several years. Nevertheless, except for plant Z, at least one selfing was carried out for each plant in each year, and table 3 sets out the individual selfing unit results in terms of heavy seeds per ioo spikelets. In order to simplify the analysis, where four or more units are available in any year only three taken at random have been included.
It is immediately obvious that there is a strong positive correlation between mean and variance so that it has been necessary to undertake a logarithmic transformation before carrying out the analysis of variance (table 3) . The missing plot values have been calculated after transformation by minimising the replicate sum of squares within genotypes, taking each year separately. The residual item in the analysis is the average variation of replicate units within genotypes within years, and is used as a measure of basic error.
The mean square for genotypes is significantly higher than both the basic error mean square and the mean square for interaction of genotypes and years. There is, therefore, a significant and consistent difference between genotypes with regard to ability to set viable seed on selfing (see also Jenkin, i93ib, p. ioi) . The experiment provides no evidence on the precise nature of the genetic control of this character but nevertheless it clearly establishes the possibility of a response to with regard to the colonisation of new areas and the exploitation of unusual circumstances. In this respect it is interesting to note that in Vicia faba, where a similar range of self fertilities exist, domesticated varieties with comparatively high levels of self-compatibility have evolved from an ancestral condition of high self-incompatibility (Rowlands, 1960) . Obviously a mechanism exists in the rye grasses which would allow a similar selective response.
A further interesting feature of the experiment was a general decline in percentage seed set from 1952 to 1954, although the highly significant interaction of genotypes and years (table 3) indicates that not all genotypes were affected to the same degree. The plants were started from seed in 1949 and were maintained from year to year by clonal propagation so that the only factors changing from year to year, apart from seasonal effects, are those associated with ageing in the plants. It may well be, therefore, that a differential decline in seed setting is a gerontological aspect in rye grass and that it might well reflect a deterioration of the cytoplasm in a way analogous to that observed by Jinks (1956) in certain fungi. Admittedly the evidence is not strong, since ageing and seasonal effects are confounded, but the possibility of such deterioration in this and other characters merits further attention.
THE DIALLEL CROSS
The eight plants were crossed in all possible combinations in 1951. In each case the inflorescences were hand-emasculated and pollinated, and the majority of the crosses were repeated in later years so that any deficiency in the amount of available seed could be made good. Yates (izt) . He proposes that the analysis be split into two parts, one based on the sums and the other on the differences of the diagonal pairs. For each part of the analysis the variation can then be partitioned into (a) a component measuring differences between arrays and (b) a component measuring the average variation within arrays (where an array is defined as all crosses deriving from any specific genotype). In the first part of the analysis, therefore, these two items measure the average differences between the parents and the remaining differences between individual crosses stemming from a common parent. In the second part of the analysis the first item reflects overall differences between male and female parents and the remainder measures the average differences between reciprocal crosses of the same parents. The results of the analysis are given in table 5, part (i).
Considering first the diagonal sums, it is apparent that the mean square for parents is significantly greater than that for the remainder, thus indicating differences between parents which are consistent for all crosses. At the same time a comparison of the mean squares of parents and remainder under section (b) reveals a highly significant and consistent difference between male and female parents. In other words, the contribution is not the same when parents are used as female as when they are used as male.
Further analysis is more informative. By the method of least squares proposed by Yates (1947) , comparisons between females and males can be effected by re-partitioning the 14 degrees of freedom associated with parental sums and differences. The results of the analysis are given in table 5. Using either remainder (a) or remainder (b) the only differences which are significant are those between female parents, showing clearly that the important effects are maternal.
The difference between remainders (a) and (b) is not fully significant (Poo) and thus it is possible to calculate values for the missing diagonal entries by minimising the joint remainder sum of squares. Each array mean can then be adjusted and for purposes of comparison these are given in table 4. They emphasise the wide differences obtained when the parents are used as females, and the lack of such differences when they are used as males. Within these limits all plants are perfectly cross-compatible in the sense that no particular cross behaves any better or any worse than would be expected from the average performance of the parents. For this limited range of material, therefore, there is nothing to indicate any form of cross-incompatibility system operating within the species. It is of interest to note in this respect that differences in female fertility on outcrossing have no significant association with those observed under selfing, the correlation coefficient between the two sets of values (using adjusted array means for the outcrossing data) being only o28. Although fertility differences can be ascribed unambiguously to maternal influences there is not enough evidence to say which particular aspect of the maternal genotype is responsible. In so far as neither non-dehiscence of anthers nor any shortage of pollen has been recorded for any of the plants it is reasonable to infer the absence of gross meiotic disturbances. The differences are likely, therefore, to be cytoplasmic in origin, or due to differences in the maternal tissue associated with the developing embryo, but in the absence of seed-setting data from the offspring it is impossible to say which. It is interesting, however, to observe that the most fertile plants (C, D and E) derive from the commercial hay variety Devon Eaver, on which past practices must have placed a heavy premium on ability to set seed.
(U) Germination of F1 seed At this stage it was decided that the yield of seed from plant Z was so poor that its inclusion in further experimentation would notbe worthwhile. Accordingly, all following data will involve only the seven plants lettered A to G. In August 1952, 8o heavy seeds from each of the 42 crosses were sown in boxes, and another sowing was made three days later. After 17 days the seedlings were counted and the results expressed as percentages.
The germination was generally very good, with an overall mean of 94.7 per cent. On analysis, only the difference between replicates proved significant so that there is no evidence of differences among the parents and their crosses. It is quite clear, therefore, that classification into heavy seed was a reliable means of ensuring that only viable seeds were retained. It does not, however, preclude the possibility that a proportion of the discarded light seed might also have been viable, but it is not thought that discrepancies arising in this way would have been of sufficient magnitude to affect seriously the previous seed-setting results.
(ifi) Length of first seedling leaf
The length of the fully expanded first leaf was measured on all seedlings of the first sowing when they were from i to 20 days old. The numbers of seedlings so measured varied between 70 and 8o per family. Since measurements were confined to a single replication the analysis takes the same form as that presented in table 5. The mean measurements are summarised in table 6.
The first part of the analysis reveals significant average effects of the parents but also significant differences between their behaviour as males compared with their behaviour as females. Re-partitioning the variation into male and female effects in the way already described shows the latter to be mainly responsible for the overall differences between parents, the mean square for male effects failing to achieve significance when compared with remainder (a). Thus, as with the seed setting data, maternal effects are of major importance. But in contrast to the seed setting data we find that remainder (a) is significantly greater than remainder (b). This means that after allowing for the average effects of the parents (male and female) the residual variation from cross to cross is significantly greater than the residual variation between reciprocals of the same crosses. In other words, we can discern differential effects of the zygotic genotypes on the expression of this character. At this stage in the development of the plants, therefore, the maternal genotype or cytoplasm is still of paramount importance, but the zygotic genotypes are just beginning to exert some influence.
GENERAL DISCUSSION AND IMPLICATIONS WITH REGARD TO BREEDING
Bearing in mind that the present studies are concerned with the genetic assessment of breeding material it is appropriate to discuss the results in relation to current breeding practice. This turns on the synthetic variety, which is essentially a restricted mating continuum based on a small but arbitrary number of selected plants, and limited to 3 or 4 generations of seed increase. The variety therefore, possesses the genetic properties of a small random-mating population. For any variety the initial population will have been constructed on the basis of its individuals combining well together to produce a desired agronomic expression which in the grasses is determined mainly by vegetative features. In order that the initial equilibrium might be maintained during seed multiplication it is necessary, however, to guard against differential survival of progenies deriving from the basic plants by ensuring a minimum of variation in those characters which are primarily associated with sexual reproduction. The characters which feature in this paper are primarily within this category and should be considered in this context.
The diallel analyses detected genetic differences among the progenies of the parental genotypes in percentage seed set, and in the length of the first seedling leaf, measured i 7-20 days after germination. In both cases the differences had their origin in maternal effects, so it can be inferred that the influence of the maternal genotype is extended to give the progeny a considerable start in life. The absence of crossincompatibility in seed set and of paternal influence in seedling leaf length also indicates that the potentialities of genotypes with regard to seed and seedling characters could be assessed by open-pollination or other crossing programmes less sophisticated than the diallel cross. By the same token, however, these characters must be recognised as 5"
properties of the maternal genotypes and not those of the offspring.
Failure to appreciate this during the experiments described here prevented a fuller elucidation of the genetic control which could have been obtained by considering seed and seedling data deriving from the offspring as well as from the parents. Such an elucidation would be most valuable in predicting the possible behaviour of these characters during seed-increase generations.
Turning to the selfing data we find evidence of a differential decline in self-fertility as the plants age, and this raises the possibility of ageing changes in other characteristics. Senescence effects on pasture plants have so far received little attention, but they are obviously important in that the basic plants of varieties are frequently maintained vegetatively for many years. Thus, senescence effects leading to differential crossfertility and changes in meiotic behaviour could affect not only the proportions, but also the types, of seed deriving from individual basic plants. The evidence given here, although by no means conclusive, suggests the need for further consideration of these aspects.
Finally, the selfing results display a range of self$ertility which indicates the possibilities for selecting more self-fertile plants and ultimately true-breeding lines. The situation is reminiscent of that found in field beans, although this species generally exhibits a higher level of self-fertility, presumably as a result of selective processes engendered by modern cultural conditions (Rowlands, 1960) . A programme designed to produce highly self-fertile lines in herbage grasses is, however, not likely to be of immediate value from the breeding point of view. In the first instance, no very high premium can be set on uniformity in purely agronomic characteristics since a limited amount of variability is regarded as an advantage in contributing to the plasticity of the variety under moderately differing systems of management. Secondly, in normally outbreeding species inbreeding is usually accompanied by a decline in vigour, which can only be restored by the production of suitable F1 or double-cross hybrids.
Admittedly inbreeding has been successfully used in maize as a means of isolating and propagating the parents producing superior hybrids. In herbage grasses, however, individual plants can be vegetatively propagated, and this, in conjunction with male sterility, could make the commercial production of single-cross seed a practical possibility without recourse to inbreeding. The potentialities of such a programme compared with the current method of producing synthetic varieties would, of course, depend on the organisation and mode of action of the genes controlling the more valuable agronomic characters. These aspects will be discussed in a subsequent paper.
SUMMARY
The purpose of the present study was to investigate the practi'al possibilities of a quick genetic survey of heterozygous breeding material by means of the diallel cross; the study is based on 8 non-inbred 512 A. R. BEDDOWS, E. L. BREESE AND B. LEWIS plants ofLoliumperenne. This paper describes the parents and considers seed and seedling data derived from the progeny of the diallel cross.
Tests carried out over a period of three years demonstrate that the parent plants have a low self-fertility (5 per cent. seed-set or less) but that there are significant differences between genotypes, and consequently possibilities of selecting more self-fertile lines. The same tests indicate a differential decline in seed setting with increasing age of plant, and attention is drawn to the importance of more comprehensive investigations into senescence effects.
The plants were diallely crossed by hand-emasculation and handpollination techniques. Data on seed setting and on the length of the the first seedling leaf of the progeny indicated strong maternal influences, but in the absence of a further generation it is impossible to say whether these effects were cytoplasmic in origin or due to differences in the maternal nutrition of the developing embryo.
The plant breeding implications of the results are discussed.
